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(54) Method for the separation of GaN and Ga x AI 10( N epr layers from sapphire substrate 



(57) The objective of the invention is to allow multiple use of the hetero-epitaxial growth surface of the substrate, to 
prevent the destruction of the epitaxial layer by tensions between the substrate and the epitaxial layer, and to grow 
epitaxial layers for component manufacturing and physical analysis. Its task is to provide a method by which the 
epitaxial layer can be deposited removably from the substrate. The problem is solved by applying a thin layer of 
boron nitride to the substrate, onto which the active GaN or Ga^AI^N epitaxial layer is deposited. 
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Method for the separation of epitaxial GaN and 
Ga x Ali_ x N Layers from Sapphire Substrate 

Field of Application 

This method is used to make gallium nitride or gallium aluminum 
nitride epi layers removable from the sapphire substrate- It 
can be applied to the manufacture of gallium nitride or gallium 
aluminum nitride-based opto-electronic components. 

Characteristics of known engineering solutions 

Due to their wide band gap, gallium nitride and gallium 
aluminum nitride are used as materials for electro-luminescent 
components. The preferred method of depositing gallium nitride 
and gallium aluminum nitride layers onto heated substrates is 
the process of vapor-phase epitaxy described in DD-WP 136 456 
and for gallium nitride layers described in DE-OS 24 00 163. 
Preferred substrates for epitaxial deposits are sapphire disks . 
The crystallographic perfection of the epitaxial layer is 
determined by the surface quality of the substrate. This means 
that the substrates themselves have to be prepared very 
carefully, since the perfection of the epitaxial layer 
determines the quality of the component. The substrates, 
especially in hetero-epitaxy , are not involved in the actual 
function of the semiconductor component. Tensions between the 
substrate and the epitaxial layer may also lead to the 
destruction of the active layer. 
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Objective of the Invention 

The invention has the objective to allow multiple use of the 
substrates for hetero-epitaxy through removal of the deposit 
layer from the substrate, to prevent the destruction of the 
epitaxial layer due to tensions between the substrate and the 
epitaxial layer, and to provide carrier-free epitaxial layers 
for the manufacturing of semiconductors and for physical tests, 
e.g for diagnostics of the layer material by way of absorption 
spectroscopy, luminescence measurements, or piezoelectric and 
electrical tests with contacts using the sandwich design. 

Characteristics of the Invention 

The invention has the engineering task to provide a method by 
which gallium nitride or gallium aluminum nitride layers having 
been deposited by vapor-phase epitaxy onto a sapphire substrate 
can be removed from the substrate in a non-destructivef way. 
This method should preferably become an integrated process step 
of component manufacturing. 

The invention solves this problem by proposing that a thin 
layer (some 10 A) of hexagonal boron nitride is initially 
applied to the surface of the substrate via vapor-phase 
epitaxy. Using known methods, the gallium nitride or gallium 
aluminum nitride layer is then epitaxially deposited onto this 
thin layer. 

The thin layer of boron nitride does not affect the substrate's 
orientation effect on the epitaxial layer, but reduces the 
substrate's wettability. At the end of the epitaxial process 
the different heat expansion factors lead to the separation of 
the epitaxial layer from the substrate's surface. The epitaxial 
layer lies freely on the surface of the substrate, and can be 
processed into a component, while the sapphire substrate can be 
used for more deposits. The method described in the invention 
can be integrated into the normal manufacturing process, 
immediately prior to the epitaxial deposit of the active layer. 
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In order to produce the boron nitride layer, the sapphire substrate - 
after having been cleaned according to the traditional process - is 
heated to 1050 °C, and an NH 3 -BCl 3 -mixture is introduced into the 
recipient- The time required for exposure depends on the 
structure of the recipient and the concentration of the NH 3 - 
BCl 3 -mixture, and takes a few seconds. If the BN-layer is too 
weak, the epitaxial layer to be deposited onto this BN-layer in 
the next process step will not separate from the substrate; if 
the BN-layer is too strong, the orientation effect of the 
substrate will be compromised- Under optimum conditions, the 
separated GaN or Ga x Ali_ x N layer has an equally smooth, mirror- 
like surface as the substrate. 

Embodiment 

In order to create a self-supporting, carrier-free GaN or 
Ga x Al!- x N layer, a sapphire substrate wafer in a recipient was 
heated to 1050 °C, and a NH 3 -BCl 3 -mixture with excess NH 3 was 
introduced inside the nitrogen flow for 10 seconds- Afterwards, 
following the instructions specified in DD-WP 136 45 6, the GaN 
and the Ga x Ali^ x N layer was deposited on the heated substrate 
out of an NH 3 -GaCl 3 and NH 3 -GaCl 3 -AlCl 3 -mixture with low NH 3 
partial pressure. After achieving the desired thickness of the 
layer, the supply of reactants and the heating of the substrate 
were stopped. The substrate was cooled in the carrier gas 
stream. As a result, the epitaxial layer separated from the 
substrate and rested freely on it. The carrier-free epitaxial 
layer had the same mirror-like surface as the substrate. 
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Claims 

1. Method for the separation of epitaxial GaN or Ga x Ali- x N 
layers from sapphire substrate, wherein a boron nitride layer 
with the thickness of some 10 A is deposited onto the 
substrate upon which the GaN or Ga x Ali_ x N layer is deposited. 

2. Method according to 1, wherein the boron nitride layer is 
deposited out of an NH3-BCl 3 -mixture via vapor-phase epitaxy . 
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